Background: Postherpetic neuralgia (PHN) refers to pain which remains after the healing of rashes from herpes zoster. Previous literatures have shown that acupuncture has potential benefits for PHN, but evidence remains lacking. Thus, we have performed a systematic review and meta-analysis to identify the effectiveness of acupuncture in the treatment of PHN. Methods: Six databases were searched for randomized controlled trials (RCTs) to assess the effects of acupuncture on PHN. After selecting the studies, extracting the data, and assessing study quality, meta-analysis was performed on several of the studies with RevMan 5.3. The GRADE (Grading of Recommendations Assessment Development and Evaluation) system was used to assess the overall quality of the evidence. Results: Acupuncture helps relieve pain intensity (standardized mean difference [SMD]: −1.78, 95% confidence interval [CI]: −2.36 to −1.21). For other intervention types, electroacupuncture (SMD: −1.28, 95% CI: −2.51 to −0.05), fire needle (SMD: −2.23, 95% CI: −2.62 to −1.84), bloodletting and cupping (SMD: −2.46, 95% CI: −2.95 to −1.97) have better effects on pain intensity relief. To date, no study has reported on the onset of pain relief time. The Hamilton Anxiety Scale score (SMD: −18.94, 95% CI: −37.37 to −0.52) was lower for the acupuncture group than for the control group. It was also found that acupuncture can improve quality of life (QOL) (SMD: 3.78, 95% CI: 2.50 to 5.06). The quality of evidence for acupuncture for PHN pain intensity was moderate according to the GRADE system. Conclusion: Acupuncture may reduce pain intensity, relieve anxiety and improve quality of life in patients with PHN. Further randomized trials with larger sample sizes and of higher methodological quality are needed to confirm these results.
Introduction
Postherpetic neuralgia (PHN) is a chronic refractory neuropathic pain syndrome. It is characterized by the invasive nerve distribution area maintaining persistent, severe pain after herpes zoster lesions are gone. [1] [2] [3] 18-41% of patients suffering from herpes zoster experience intense pain, the most common chronic complication after the healing of the rash. [3] [4] [5] [6] The pain persists for months or even years, during which physical, emotional and social function may suffer. 7, 8 Increasing age is a risk factor for PHN, and it has been reported that immunosuppression, systemic lupus erythematosus, diabetes and recent trauma can also increase risk. 9, 10 The current pharmacological treatment for PHN is tricyclic antidepressants (amitriptyline, nortriptyline, desipramine and maprotiline), gabapentin, pregabalin, opioids and topical lidocaine patches. [11] [12] [13] However, the anticholinergic side effects of tricyclic antidepressants have cardiovascular and renal comorbidities which limit their use. 14 Occasionally, despite the administration of complex drug combinations, analgesia is still ineffective. 15 In recent years, clinical and scientific attention to acupuncture has increased. Acupuncture is a reliable and reproducible treatment for acute and chronic pain. [16] [17] [18] Reports have shown the effectiveness of acupuncture in the treatment of chronic pain and that the treatment effects persist for weeks. 17, [19] [20] [21] Many reports have confirmed the therapeutic effects of acupuncture on PHN. These have included case reports and pilot studies which have identified acupuncture as a therapy with promising results for relieving pain without significant adverse reactions. [22] [23] [24] As more and more PHN treatments are developed, acupuncture might have an advantage for analgesia and reducing adverse reactions. However, this statement lacks evidence. Thus, we have collected and summarized published evidence on acupuncture for PHN.
Methods
This review has been registered in the PROSPERO database (PROSPE-RO Register code: CRD42018080847 http://www.crd.york.ac.uk/PROSPER-O/) and has been reported according to the PRISMA Statement. (S1 PRISMA Checklist)
Types of studies
Any randomized trials providing the highest level of evidence to assess the effects of interventions, whether doubleblind, single-blind or unblinded, and regardless of publication status, language and length of trial were considered for inclusion. We scanned quasi-randomized and other observational studies which were retrieved with searches for randomized clinical trials for reports on harm only. When administering acupuncture, patients are typically aware of the acupoints and methods. This makes blinding difficult. In this study, there were no special requirements for blinding subjects or administrators.
Types of participants
Participants with PHN, regardless of age, sex or ethnicity, were included in this study. Because its diagnostic criteria are inconsistent, we defined PHN as pain persisting for more than 1 month, or any of the above criteria included into the literature.
Types of interventions
We included studies that used acupuncture as the experimental group. This included ordinary acupuncture, electro-acupuncture, moxibustion, bloodletting, cupping, needle, fire needle, acupuncture injection, plum blossom needle and ear acupuncture. Studies with no treatment, sham acupuncture, placebo controls or drug therapy were also included. However, studies using treatment in combination with herbal medicine or other nonacupuncture treatments were excluded.
Types of outcome measures
The primary outcome in this study was pain intensity, as measured by the Visual Analogue Scal (VAS), Numerical Rating Scale (NRS), McGill Pain Questionnaire (MPQ), Verbal Rating Scale (VRS) as well as several other scales for measuring pain. VAS is the most common measurement to assess pain intensity. It is scored on a range of either 0-10 or 0-100. NRS (0=no pain, 10= worst pain) and VRS (none/ very mild/mild-moderate/severe/very severe) are similar to VAS in that pain intensity is measured by numbers and descriptions. A higher score indicates greater pain intensity. The MPQ consists of 20 subcategories, in four parts, to measure pain properties and intensity. A higher score means more serious pain. The secondary outcome included onset of pain relief time, Hamilton Anxiety Scale (HAMA), quality of life (QOL) and reverse effects. The onset of pain relief time is the amount of time before pain relief began. The shorter the time requirement, the more effective the treatment. The HAMA consists of 14 items ranging from 0 to 4, which assess the severity of patients' anxiety states. A higher score suggests a higher degree of anxiety. In this study, QOL was an assessment method for QOL related to pain, with a range of 0-10. A higher score meant better QOL.
Search methods for identification of studies
All literature on acupuncture treatment for PHN was included, with no restriction on language or publishing status (ie, unpublished articles were included). Following the Cochrane Handbook for Systematic Review of Interventions (Version 5.1.0), the search terms used were "postherpetic neuralgia", "acupuncture" and "random". Wanfang (1990 Wanfang ( -2018 . Liming Lu also downloaded the citations.
Electronic searches
Two authors (Wenya Pei and Jingchun Zeng) independently applied the aforementioned inclusion criteria to identify trials with EndNote X6.0. Any disagreements between authors were resolved with arbitration from a third reviewer (Jingwen Ruan). When needed, the authors of recent original studies were contacted to obtain additional information.
Data extraction and management
Both authors independently extracted the following data from each trial using EpiData 3.1 (ver. 270108, the EpiData Association): 1) basic article information: first author, year, language and country of publication, title; 2) inclusion and exclusion criteria; 3) study baseline: the number of study groups and center, sample size, sex ratio, age and course; 4) interventions in the observation group and the control group (type, frequency and duration); (5) outcome; 6) methodological quality, and hence, risk of bias.
Assessment of risk of bias in included studies
We used the Cochrane Handbook for Systematic Reviews of Interventions to evaluate the quality of the reviews. 25 Seven domains were assessed for each study: 1) random sequence generation, 2) outcome allocation concealment, 3) blinding of participants and personnel, 4) blinding of assessment, 5) incomplete outcome data, 6) selective reporting bias and 7) other bias. Two authors (Liming Lu and Jingchun Zeng) independently assessed the studies by scoring each criterion as either "high risk", "low risk" or "unclear". If the results were inconsistent, they were resolved through reassment by a third reviewer (Guohua Lin).
Measures of treatment effects
For continuous measures, weighted mean differences were the preferred tool for analyzing results when outcome measures were identical. Standardized mean differences (SMDs) were used when different instruments had been used for the same outcome measurements.
Unit of analysis issues
We extracted data from the outcomes measured immediately after sessions had ended, for a period of up to 1 week.
Assessment of heterogeneity
When tests were similar, a heterogeneity test was performed on the included studies by using a Chi-test and I 2 test to estimate the included studies. The P-value of the Chi-test was used to test the heterogeneity. When P＜0.1, there was heterogeneity; when P＞0.1, there was no obvious heterogeneity.
Assessment of reporting bias
We used the Cochrane Handbook for Systematic Reviews of Interventions to evaluate review quality. When results were inconsistent, evaluators cross-checked them. They were then resolved by reassessment from a third reviewer (Guohua Lin).
Data synthesis
When there was sufficient similarity in the data, we used RevMan5.1 for analysis. When there was insufficient similarity, we used descriptive analysis. The count data were represented with RR, while the continuous variables were represented with SMD. If I 2 was <50% and the P-value was >0.1, we used a fixed-effects model. If I 2 was >50%
and the P-value was <0.1, this showed that statistical heterogeneity existed among the studies. When there was no clinical heterogeneity, a random-effects model was used. If the pooled results had clinical heterogeneity, subgroup analysis was performed based on patient characteristics and control interventions. The outcome measurement tools and sensitivity analysis were adapted to handle this, when necessary. The GRADE approach was utilized to assess the overall quality of the evidence. This grading method for each outcome considered risk of bias, inconsistency of results, indirectness of evidence, imprecision and publication bias.
Subgroup analysis and investigation of heterogeneity
Subgroup analysis was conducted for individuals with different interventions (eg, different types of acupuncture and treatment durations) and different measurement tools.
Results

Description of studies
The initial search returned a total of 1,250 articles, including database queries and other sources. After removing the duplicates, we screened the abstracts of 876 articles. We read the full texts of 49 articles and excluded 827. 8 articles were included in the final qualitative synthesis. The study flow is illustrated in Figure 1 .
We ended up including 8 articles. Two studies were in the English language, and the rest were in Chinese. In these articles, acupuncture-related techniques such as electroacupuncture (EA), fire needle, acupoint injection and cupping were used to treat PHN. Drugs such as indomethacin, lofen, carbamazepine, and pregabalin were used in the control group. The study characteristics for each included trial are shown in Table 1 .
Risk of bias in included studies
The recommendations in the methods section of the Cochrane Handbook 5.1.0 were used to assess the risk of bias. All included studies mentioned the randomization methods used. Six used a random number table to divide patients into experimental and observation groups. Two studies used a computer-generated random number.
In one study, sham EA was used to blind the patients.
26
Seven studies mentioned blinding details for neither participants nor administrators. Because of the intervention differences between the experimental group and the control group, it was difficult to established blindness for the whole research process. We contacted the authors, and the authors of two of the studies said that they had blinded both evaluators and statisticians. 27, 28 Another study said they had blinded the outcome assessments only. 29 The authors of an additional study replied that they had not used blinding because it would have been easy to break. 30 The authors of three of the studies did not reply to our inquiries. All studies reported all outcomes which had been described by their respective methods sections, and no missing data were mentioned. Information was insufficient to analyze other potential sources of bias. The detailed risk of bias is shown in Figure 2 . It assesses the quality of the included studies.
Effects of interventions Outcome
Primary outcome (pain intensity). Pain intensity was measured by VAS and ADPS. No study reported onset of pain relief time. Because different methods of acupuncture were used in the studies, we used SMD and 95% CI to measure the effect of acupuncture on pain intensity. When there was statistically significant heterogeneity of results (P＜0.00001, I 2 =86%), a random-effects model was used. After intervention, the scores were lower in the acupuncture group than in the control group (SMD: −1.78, 95%CI: −2.36 to −1.21, P＜0.00001) (Figure 3) . Subgroup analysis. Secondary outcomes. Different types of acupuncture. We conducted subgroup analysis based on the different types of acupuncture to assess whether the variation could have influenced the results. The results showed that acupuncture can relieve pain intensity; however, there are many different types of acupuncture ( Figure 3) . Different sample sizes. We conducted subgroup analysis based on the varying sample sizes. In the acupuncture group, pain intensity decreased in studies with ＜60 samples (SMD: −0.48, 95%CI: −0.95 to −0.02). For studies with ≥60 samples, acupuncture mitigated pain intensity (SMD:-2.19, 95%CI: −2.43 to −1.95) (Figure 3) .
In subgroup analysis based on variations in sample size, the statistical heterogeneity disappeared when we excluded two of the studies, 26, 27 Pain intensity in the acupuncture group was still lower (SMD: −2.19, 95% CI: −2.43 to −1.95). Analysis showed that the results were stable and that the sample size could affect statistical heterogeneity.
Secondary outcomes. Onset of pain relief time. Not reported in any studies.
Hamilton Anxiety Scale (HAMA). Two studies used the HAMA to evaluate the severity of anxiety symptoms in patients. Acupuncture lowered the HAMA score (SMD: −18.94, 95% CI: −37.37 to −0.52) with high degrees of heterogeneity (I 2 =98%, P＜0.00001) (Figure 4 ). QOL. QOL was reported in one study; the QOL was higher in the acupuncture group than in the control group (SMD: 3.78, 95% CI: 2.50-5.06). Heterogeneity was not applicable because the number of studies included was insufficient (Figure 4) . Adverse effects. In the eight studies included, two mention adverse effects (Figure 4) . One study reported side effects (nausea, vomiting, constipation and sedation) in eight patients from the sham group. 26 In another study, adverse effects occurred in neither the acupuncture group nor the control group. 
Publication bias
A funnel plot of the included studies was created to evaluate publication bias ( Figure 5 ). However, the number of included studies was small, and the sample sizes were insufficient. Thus, it was difficult to assess publication bias by funnel plot. Therefore, publication bias could have been misleading, and thus was not performed in the review. 31 
Quality levels of evidence
The Cochrane Collaboration Network GRADE was used to assess the quality of evidence for the systematic analysis. We assessed acupuncture for PHN of pain intensity, onset of pain relief time, HAMA, QOL and adverse effects. Details are shown in the GRADE evidence profile and the summary of findings table. The results show that the quality of evidence was moderate for the assessment of pain intensity. Because the experimental groups and control groups used different methods, it was difficult to apply blinding to the patients. Therefore, we did not downgrade the quality of evidence for risk of bias. However, the number of included studies was insufficient to assess publication bias, and thus it was downgraded. At the onset of pain relief time, the quality of evidence was low because of the lack of blinding and the small sample sizes of the included studies. For HAMA, the quality of evidence was low due to the low P-value and the large I 2 . In both QOL and adverse effects, the quality of evidence was low for the small number of studies and for the small population size. A detailed summary of findings table and GRADE evidence profile are provided in the Supporting Information section (S3 summary of findings table and GRADE evidence profile).
Discussion
Summary of main results
This systematic review includes eight prospective studies containing 498 patients. The meta-analysis showed that pain, the primary outcome, was lower in the acupuncture group than in the control group. Subgroup analysis of the different types showed that EA, fire needling, bloodletting and cupping each relieved more pain than the controls. When the sample size was greater than 60, the acupuncture group showed better relief (ie, VAS score) than the control group. However, there was no significance for sample sizes less than 60. Subgroup analysis showed that the sample size could have affected statistical heterogeneity.
Based on these results, less literature was included in the secondary outcome. In the HAMA outcome, acupuncture was shown to relieve anxiety. These results were significant with a high I 2 and a low P-value. Only one study was included for QOL, and in it, the acupuncture group had better QOL than the control group. 30 No adverse reactions occurred in the acupuncture groups of the two studies that reported on them.
Interpreting the findings
It is believed that acute zoster infection in nerve damage results in persistent pain which is the main symptom of PHN. 32 Depression and social communication disorder are also associated with pain in postherpetic neuralgia patients. 33 The European Federation of Neurological Societies (EFNS) recommends tricyclic antidepressants (TCAs) and gabapentin/pregabalin as first-line treatments for PHN. 34 However, their side effects must be taken into consideration, particularly with elderly patients. 14 China's guidelines for treatment of PHN recommend acupuncture because of its clinical effects. 35 A search of the clinical trial registries showed that large-sample randomized controlled trials of acupuncture for PHN are lacking. Additionally, no rigorous systematic reviews were found either. This review includes studies of acupuncture treatment for PHN. The meta-analysis shows that acupuncture can reduce pain intensity, relieve anxiety and improve QOL among PHN patients. In the acupuncture group, the incidence of adverse effects was lower than in the control group. These results are similar to those of existing published studies. The VZV Pain Study Group reported that acupuncture could play a role in relieving acute herpetic pain, and no serious treatment-related adverse events were observed in the study. 36 
Limitations
This review has several limitations. Although we searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, EMBASE and WHO International Clinical Trials Registry Platform, we found few English language studies of acupuncture for PHN. Furthermore, there have been persistent discrepancies in the definition of PHN. Some have reported that pain persisting 30 days or more after rash onset can be defined as PHN, while others have used persistent pain for 120 days as their definition. Although similar reviews have published evidence for the efficacy and safety of acupuncture for PHN, we sought more information, focusing on the advantages of acupuncture therapy over pharmacologic therapy. 37 Through our review, there is a need for more studies to conduct subgroup analyses on pain persistence.
Clinical implications
This review finds that acupuncture is beneficial for PHN, especially for associated pain relief. It can provide a treatment option for clinicians worried about adverse effects of drugs, and evidence-based evidence for acupuncturist. The findings of this review support the view that acupuncture is an effective PHN treatment.
Conclusion
This study has shown that acupuncture may reduce pain intensity, relieve anxiety and improve the QOL of PHN patients. No adverse effects were reported for treatment with acupuncture. Different types of acupuncture such as EA, fire needle, bloodletting and cupping can reduce pain intensity. Sample size may also affect the results of studies. The GRADE Working Group grades for the evidence of acupuncture's effect on PHN pain intensity were of moderate quality. For HAMA, QOL and adverse reactions, the quality of the evidence was low. Therefore, multicenter RCTs with large sample sizes and high methodological quality are needed. This will lead to a deeper understanding of acupuncture for PHN.
